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@ Surtace type microelectronic gas and vapor sensor. 

Q) The present invention is concerned with electrode struc- 
ulres and microsensors having fast response times and high 
sensitivity and to methods using such structures and/or 
microsensors. This is accomplished in any one of several ways. 
In one the sensing and counter electrodes are positioned close 
enough together on an active area so that ion migration 
therebetween is fast. The thickness of the electrol>nic medium 
on the active area is restricted to be no more than about 10 
microns so that diffusion therethrough between the electrodes 
is at least as fast as the ion migration. In another, the sensing 
^ electrode may have outwardly extending portions extending 
^ beyond the electrolytic medium and not being covered thereby. 

Or conductive particles can be distributed in the electrolytic 
2 medium. Or the medium can be very thin. Or. the electrodes can 
P be interdigited. Combinations of the above structural features 
are also set forth. 
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Technical Field 
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The present invention relates to a surface conforming microsensor structure which is capable of analyzing a 
gas and/or vapor mixture for one or more specific components thereof, or for one or more gases and/or 
vapors dissolved in a liquid, and to analysis methods using such a sensor. 

10 Background Art 

A number of gas sensors are known to the art. For example, U.S. Patent 4,227,984, issued to Dempsey, et al, 
discloses a potentiostated 3-e!ectrode solid polymer electrolyte (SPE) gas sensor. The sensor structure 
disclosed in this patent has catalytic sensing and counter electrodes on opposite sides of a solid polymeric 

15 electrolyte membrane. Miniaturization of such a structure is extremely difficult. Long term stability of the 
electrode-SPE interface is quite poor due to the swelling nature of the SPE. Still further, such a sensor is not 
readily adapted to the formation of arrays which can measure a number of different gaseous species or which 
can provide redundancy in the measurement of one or more gaseous species. Further yet, the construction of 
such sensors is relatively expensive, 

20 Surface conforming substantially planar sensors are also known in the art. For example, M. Koudelka 
describes a planar "Clark-type" oxygen sensor in "Sensors and Actuators", 9 (1986) 249-258. Also. M. 
Koudelka and A. Grisel. describe such a planar sensor in "Miniaturized "Clark-type" Oxygen Sensor" as 
reported in Proceedings of Transducers 85 (Philadelphia, Pennsylvania, June 1985). The sensor or sensors 
described by Koudelka and by Koudelka and Grisel are in the nature of planar 2-electrode oxygen sensors 

25 fabricated using standard integrated cirluit (IC) technology. The sensors consist of a silver cathode and a 
silver/silver chloride/chloride ion reference anode. The electrodes are in a planar orientation upon a silicon 
dioxide layer upon a silicon substrate. An electrolytic medium, in the nature of a hydrogel layer, completely 
covers the electrodes and their surfaces to a substantial depth, generally at least about 40 to 50 microns. A 
silicon rubber membrane, generally 25 to 50 microns thick, having pores which are porous to oxygen 

30 encapsulates the hydrogel layer and the electrodes. While the planar sensor just described has a number of 
advantages it is not as sensitive as would be desired and does not have as fast a response time as would be 
desired since the analyte gas must pass through the hydrogel layer to reach the sensing electrode. 
The present invention is directed to overcoming one or more of the problems as set forth above. 

35 Disclosure Of Invention 

In accordance with another embodiment of the invention an improved microsensor structure is set forth. 
The microsensor structure comprises a substrate having a sensing electrode, a counter electrode and a 
reference electrode all mounted on an active area on the surface of the substrate, the electrodes defining 
40 sensing-counter, sensing-reference and counter-reference gaps, the gaps being bridged by a solid polymer 
electrolyte. 

In accordance with an embodiment of the present invention a method is set forth of determining the 
concentration of a gaseous species. The method comprises contacting a microsensor structure with a 
gaseous species in a gas phase and measuring the electrochemical effect of the species between sensing and 

45 counter electrodes. The microsensor structure comprises a substrate having a sensing electrode, a counter 
electrode and a reference electrode all mounted on an active area on the surface of the substrate, the 
electrodes defining sensing-counter. sensing-reference and counter-reference gaps, the gaps being bridged 
by a solid polymer electrolyte. 
In accordance with a different embodiment of the present invention an improved structure is set forth for 

50 determining a gaseous species. The structure comprises a substrate surface having an active area. First and 
sesond adjacent electrodes have, respectively, sensing and counter portions on the active area. A solid 
electrolytic medium covers the active area. The Improvement in the structure includes positioning the first and 
second electrodes sufficiently close together so that the time of migration of an ionic moiety from one to the 
other of the electrodes is no more than about 1 minute; and restricting the thickness of the electrolytic 

55 medium to be no more than about 10 microns so that the time of diffusion of the gaseous species through the 
electrolytic medium to the first electrode is no more than about equal to the time of migration of the ionic 
moiety from one. to the other of the first and second electrodes. 

In accordance with still a different embodiment of the invention a method is set forth of determining the 
concentration of a gaseous species. The method comprises contacting a microsensor structure with the 

60 gaseous species in a gas phase and measuring the electrochemical effect of the species between the first and 
second electrodes. The microsensor structure comprises a substrate surface having an active area. First and 
second adjacent electrodes have, respectively, sensing and counter portions on the active area. A solid 
electrolytic medium covers the active area. The first and second electrodes are positioned sufficiently close 
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together so that the time of migration of an ionic moiety from one to the other of the electrodes is no more than 
about 1 minute. The thickness of the electrolytic medium is no more than about 10 microns so that the lime of 
diffusion of the gaseous species through the electrolytic medium is no more than about equal to the time cf 
migration of the ionic moiety from one to the other of the electrodes. 

A microsensor structure is still an additional embodiment of the invention. The microsensor structure 
comprises a substrate having a surface having an active area. A sensing electrode has a sensing portion on 
the active area, the sensing portion comprising a plurality of sensing fingers. A counter electrode has a 
counter portion on the active area. The counter portion comprises a plurality of counter fingers. The counter 
fingers are positioned between and aligned along the sensing fingers to define sensing finger-counter finger 
gaps of no more than about 50 microns. A reference electrode has a reference portion on said active area. An 
electrolytic medium is on the active area, bridges the sensing finger-counter finger gaps and communicates 
the reference portion with said sensing portion. 

Yet another embodiment of the invention is a microsensor structure comprising a substrate having a 
substrate surface having an active area. A sensing electrode is on the substrate surface and has a sensing 
portion upon the active area. The sensing portion has an outfacing surface facing away from the substrate. A 
solid electrolytic medium covers the active area but does not cover the outfacing surface. The electrolytic 
medium, the first electrode and the gas phase form a 3-phase sensing boundary. A counter electrode is in 
contact with the electrolytic medium and is free from contact with the sensing electrode. A reference eieclrode 
is in contact with the electrolytic medium and is free from contact with the sensing and counter electrodes. 

In accordance with an alternative embodiment of the invention a method is set forth of determining the 
concentration of a gaseous species. The method comprises contacting a microsensor structure with the 
gaseous species in a gas phase and measuring the electrochemical effect of the species between first and 
second electrodes. The microsensor structure comprises a substrate having an active area. The first electrode 
has a sensing portion on the active area. A solid electrolytic medium covers the active area. Portions of the first 
electrode extend outwardly beyond the electrolytic medium. The electrolytic medium, the first electrode and 
the gas phase form a 3-phase sensing boundary. The second electrode is in contact with the electrolytic 
medium and is free from contact with the first electrode. | 

Still another embodiment of the invention is a method of determining the concentration of a gaseous 
species The method comprises contacting a microsensor structure with the gaseous species in a gas phase 
and measuring the electrochemical effect of the species between a sensing and a counter electrode. The 
microsensor structure comprises a substrate having a substrate surface having an active ar-na. The sensing 
portion has an outfacing surface facing away from the substrate. A solid electrolytic medium covers the active 
area but does not cover the outfacing .surface. The electrolytic medium, the first electrode and the gas phase 
form a 3-phase sensing boundary. A counter electrode is in contact with the electrolytic medium and .s tree 
from contact with the sensing electrode. A reference electrode is in contact with the electrolytic medium and is 
free from contact with the sensing and counter electrodes. 

m accordance with still another alternative embodiment of the present invention an improved eieclrode 
structure is set forth The improved electrode structure includes a first electrode having an outfacing surface 
having an uneven configuration including a plurality of outwardly extending portion, A solid electrolytic medium 
covers the outfacing surface with at least a substantial number of the outwardly extending portions extending 
outwardly beyond the electrolytic medium and not being covered thereby. 

In accordance with yet another alternative embodiment of the present invention a microsensor structure is 
set forth comprising a substrate having a substrate surface having an active area. A first electrode is upon the 
substrate surface the first electrode having a sensing portion on the active area. The sensing portion has an 
outfacing surface facing away from the substrate. The outfacing surface has an uneven configuration including 
a plurality of outwardly extending portions. A solid electrolytic medium covers the outfacing surface with ine 
outwardly extending portions extending outwardly beyond the electrolytic medium and not oeing covered 
thereby. A second electrode is in contact with the electrolytic medium and is free from contact with the first 
electrode 

In accordance with another embodiment yet of the present invention an improvement is set forth in a 
method of determining the concentration of a particular gaseous species which comprises contacting the 
species with an microsensor having a substrate having a sensing electrode and a reference electrode on a 
surface thereof, the sensing electrode being covered by a solid electrolytic medium, and measuring the 
electrochemical effect of the species on the sensing electrode. The improvement comprises utilizing as the 
sensing electrode a first electrode having an outfacing surface having an uneven configuration including a 
plurality of outwardly extending portions which extend outwardly beyond the electrolytic medium and are not 

covered thereby. , u i 

In accordance with a still further embodiment of the present invention, a microelectrochemical sensor 
structure is set forth comprising a substrate having a substrate surface having an active area. A sensing 
electrode is in contact with the substrate surface, the sensing electrode having a sensing portion on the active 
area The sensing portion has an outfacing surface facing away from the substrate surface. A solid electrolytic 
medium covers the outfacing surface. A plurality of conductive microparticles is dispersed in tne electrolytic 
medium. Both a counter electrode and a reference electrode are in contact with the eieclrolyttc medium and 
are free from contact with the sensing electrode and each other, 
in accordance with a further embodiment of the present invention an improvement is set forth in a method of 
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determining the concentration of a particular gaseous species which comprises contacting the specks with a 
microelectrochemical sensor having a substrate having a sensing electrode, a counter electrode and a 
SnceSrodel a surface thereof, the sensing electrode being covered by a solid electrolytic medium, 
me electr^lytirmedTum being covered with a member permeable to the species, and measunng the 
5 electrocScal effect of the species on the sensing electrode. The improvement comprises a plurality of 
conductive microparticles dispersed in the electrolytic medium. 

Brief Description Of Drawings 
,0 The Invention will be better understood by reference to the figures of the drawings wherein like numbers 
denote like parts throughout and wherein: w„^irr,»r,t nf the nrp<;pnt 

Figure 1 illustrates, in top view, a microsensor in accordance with an embodiment of the present 
invention with an electrode thereon in accordance with an embodiment of the present invention; 
Flaure 2 is a sectional view taken along the lines 11-11 of Figure 1 ; 
,5 Figure 3ls a view similar to Figure 1 but showing an array of microsensors in accordance with the 

present invention on a single substrate; .v, ci^nr^. ■(• 

Fiaure 4 is an enlarged partial cross-sectional view taken in the area IV-IV of Figure!, 

Figure 5 is a partial section view of the sensing area of an embodiment in accordance with the invention , 

Fiaure 6 is a top view of an embodiment of the present invention; 
20 Figure 7 is a view similar to Figure 6 of an embodiment in accordance with the invention; 

Fiaure 8 is a partial section view, of an embodiment in accordance with the invention; 

Fiaure 9 is a partial section view of an embodiment in accordance with the invention; and 

Fiaure 10 is a partial section view of an embodiment in accordance with the invention; 

Rgure 1 1 S a basic sensor design in accordance with an embodiment in accordance with the invention , 
25 Figure 12 is a graphical representation of CO concentration vs. net response; 

Figure 13 is a graphical representation of applied potential vs. net response for 500 PPf 

Figure 14 is a graphical representation of applied potential vs. background current and response for 

^°FiQuI"e?°i's a araphical representation of applied potential vs. signal-to-background current ratio; 
FiguJe 16 is a graphical representation of time vs. response to 500 ppm CO which illustrates response 

'"^Figure 17 shows an array of microsensors using a single reference electrode, all on a single substrate. 
Best Mode For Carrying Out Invention 

The present invention relates to a microsensor 10 as seen in one embodiment in Figure 1. The n^icrosensor 
lO^^LTs a substrate 12 having a substrate surface 14 having an active area 16 upon which electrochemical 
eactions occur T?e s^^ may be made of any of a number of materials. For example, the substrate may 
be rJade Tan insulatJ/^^^ is, a dielectric material, such as a non-conducting plastic or g^ass^ 

AUeTnatLlv thSs rate can be made of a semiconducting material such as silicon or even of a conduc '^g 
Sa so ong as an appropriate dielectric material defines the substrate surface 14. For example, Figu e 4 ■ 
ThowTa suSafe 12 wEich IS made of a semiconductor material, namely silicon, and wherein the substrate 
surface 14t?o7ried by IC processing techniques of a dielectric material, namely silicon dioxide. Silicon nitnde 
or another insulative material can alternatively be used. . 

aS electrode 18 is on the substrate surface 14. The first electrode 18 has a sensing port on 20 on the 
se^s n jarea 16 of the substrate surface 14. The sensing portion 20 has an Infacing surface 22 (see Figure 2) 
facina ?he substrate surface 14 and an outfacing surface 24 facing away from the substrate surface 4. Key to 
h emrodimerof the present invention is the fact that the outfacing surface 24 has an uneven conjguration 
n^dTng a pTura ity of outwardly extending portions 26 (Figure 4). The outwardly extending portions 26 expend 
outSy from the outfacing surface 24 preferably from about 0.01 micron to about 5 microns and may be in 

''!nTcc"d°ancrwRj?hrafor^^^^ embodiment of the present invention a solid electrolytic medium 28 

colers^hTouScTng surfac^ 24 of the first electrode 18 in such a manner that at least some of the ou wardly 
exLndinq portions 26^0^^^^ outfacing surface 24 extend outwardly beyond the electrolytic medium 28 and are 
no CO ered Sby T^^^^^^ there is generally an extremely thin layer of the solid electrolytic medium 28 and the 
oulrdTy eS^^ portions 26 of the outfacing surface 24 are in the nature of a plurality of small electrode 
material oeaks exDOsed beyond the solid electrolytic medium 28. 

ThTiutwardl^^^ 25 of the first electrode 18, the solid electrolytic medium 28 and he 

surrounding^^^^^^^ phase form'a 3-boundary sensing boundary 29 (Figure ^^^^Vr^ 
portions 26 exposed in this manner leads to an extremely fast response ^'"^V°Vh Jllf 
\n pxtremelv hiah sensitivity. Generally, the solid electrolytic medium is of a thickness upon the outfacing 
urIaTe of o Se than about 10 microns. However, the specific extension of the solid electrolytic medium 2 
s a funcln o7^^^^^^ of extension of the outwardly extending portion 26 of the outfacing surface 24^The 

chtiS of thiJ e^^^^ lies in having the outwardly extending portions 26 extend upwardly beyond the 

65 electroyltic medium 28 to form the 3-phase sensing boundary 29. 
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A second (counter) electrode 30 is in contact with the electrolytic medium 29 and free from contact with the 
first electrode 18. In the particular embodiment illustrated the second electrode 30 is upon the substrate 
surface 14 

In accordance with an embodiment of the present invention a third (reference) electrode 32 may also be in 
contact with the electrolytic medium 28 and tree from contact with the first electrode 18 and the second 
electrode 30 Generally the third electrode 32 will also be in contact with the substrate surface 14. 

In accordance with preferred embodiments of the present invention the first electrode 18, generally the 
sensing electrode the second electrode 30, generally the counter electrode, and the third electrode 32. 
qeneraliy the reference electrode, as well, when present, are adjacent to one another. A first-second electrode 
gap 34 of generally no more than about 50 microns is advantageously present, preferably no more than about 
10 microns more preferably no more than about 5 microns and still more preferably no more than about 2 
microns Indeed sub-micron (less than about 1 micron) gaps are particularly preferred. When there is a third 
electrode 32 as well the gap 36 between the first electrode 18 and the third electrode 32 is conveniently no 
more than about lOo'microns, although this is a far less important restrain and significantly larger gaps can be 
present. The size of the gap 38 between the third electrode 32 and the second electrode 30 is also of no 

^"rdielectric wall 40 will generally be present surrounding the active area 15 and the electrolytic medium 28. A 
barrier 42 (Fiqure 2) can be present which covers the electrolytic medium 28, the barrier 42 having openings 
throuqh which an analyte gas can pass. In certain instances the barrier 42 can selectively pass a gaseous 
species of interest while excluding possibly interferine species. Generally, the barrier 42 will be in the na^re o 
a polymeric material and more particularly will often be in the nature of a membrane which is gas permeable but 
aoueous solution impermeable. Note that the membrane need not have actual pores leading to its gas 
permeable nature. For example, the analyte gas may dissolve in the membrane and migrate therethrough to 
the electrolytic medium. In such instances, the entire microsensor 10 can be inserted in an aqueous solution 
and dfssolved gases therein than form a gas phase, e.g.. within the barrier 42 and can be measured, Th^ ,s the 
case even if the electrolytic medium abuts the membrane since the analyte is in effect a gas. or gas- ike^as a 
eSs thrmembrane. The microsensor 10 can be utilized, for example, in vivo in blood to analyze for blood 
oases on a continuous basis. 

Fiaure 3 illustrates an embodiment of the present invention wherein a plurality of the microsensors 10 are 
upon the substrate surface 14 of the single substrate 12. By proper selection of the chemistries of the various 
e^ecuodes 18 30 32 and of the barrier 42, for each of the sensors 10. one can provide an overall structure 
which is useful for analyzing for a number of different gaseous species at once, and/or can provide 
redundancy in measuring for one. or more gaseous species. 

fS 17 illustrates another embodiment of the invention wherein a plurality ot the microserisors 10 are 
upon the substrate surface 14 of the single substrate 12. In the embodiment of Figure 17 a single reierence 
electrode 32 L used with several different sensing electrodes 18. For example, the different sensing 
S ectrodes 18 might be made of platinum, platinum oxide, gold and iridium. Thw two counter electrodes 30 a e 
posilJoned adjacent the sensing electrodes 18. The embodiment of Figure 17 ,s more compact than, and h.s 
thp ciame uses as the embodiment of Figure 3. . . ^ . . , ♦ 

An aqueous reservoir 43 (Figure 2) can be included in the substrate 12 in liquid contact w„h the electrolytic 
mediurS 28 to keep he elec rootle medium 28 from drying out and thereby inactivating the microsensor ia As 
Tseen in Sure 10, an external aqueous reservoir 455 can alternatively, or additionally, be utilized. Such 
aqueous reservoirs 43,456 can be used in conjunction with all embodiments of the invention. 

¥Srs t eSde 18 can be made of any of a number of materials, for example platinum, gold, silver other 
Diatinum group m^^^^ or other desired metals to provide detection of desired species, electrically 
SucTive poTymeri The firs, electrode 18, and along with it the second electrode 30. and '^e ' ;d e ec.ro.e 
32 when present can be formulated by vapor deposition, sputtenng. or the like. Generally, such techniques as 
S utSTn the I?art are applicable to formulate a microsensor 10 in accordance with the present invention. 
Th s a ead to e formation' of the controlled size gaps 34.36 and 38, which gaps ^-^ f .38 can be made qui e 
small in size (below 5 microns and even, with care, below 1 micron). The contacts ends ''/f -^^ ° 
Sctrodes 18,30 and 32, respectively, can be formulated on an appropnate contacts area =0 of the substrate 

^^igure 5 illustrates an embodiment of the present invention wherein the electrolytic medium 28^^^^^^^^ 
the entire outfacing surface 24 of the first (sensing) electrode 18. That is. in the case of the embodiment o^ 
Figure 5 there are no outwardly extending portions 26 of the outfacing surface 24 which extend outwardly 
Sd the electrolytic medium 28 and are not covered thereby. However, the embodiment of Figure 5 a^o 
dves vei^ fLt response time and high sensitivity for gas detection. This is accomplished by provKl.ng a 
S urality S lonductive microparticles 52 dispersed in the electrolytic medium 28 and P^f ^^f^ "^^^^m 
Sast portions of the uppermost thereof extending outwardly into the gas phase above he electrolytic med urn 
28 a 3-phase sensing boundary 29. Thus, the outwardly extending -[^-P^"-^^^^^ serve as 

electrode 18 and electron conduction occurs from particle to particle down to the bulk P°^"°^ J.^ ^' '^^ '^^ 
electrode 18 For example, if the first electrode 18 is made of platinum the conductive micropart.cles 52 might 
0 e of ^ZZZm alternatively be of another metal. Without being bound by any theory^it sho^ be 
pointed out that it is believed that with such a dispersion of conductive microparticles one ot^tains e^ct on 
tunneling conduction through the electrolytic medium 28 whereby an analyte gas need only contact the 
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a-Dhase boundary 29 of a nearest one of the plurality of conductive micropartlcles in order to eliate a response 
?rom the microsensor 1 0. It is not essential that at least portions of the microparticles extend outwardly to form 
a 3 phase bou^^^^^^^^^ they r.ay simply be close enough to the gas phase whereby diffusion to them 
thrnuah the electrolvtic medium 28, takes only a relatively short time. 

alsote leen in Figure 5 the substrate surface 14 may be roughened so as to provide better adhesion 

°' S firt^Nn Lccordan^e'S the present invention an improvement is set forth in a method of determining 
the concenlaSon o^^^^^^^ gaseous species which comprises contacting the spec.es wUh a sensor 

havin^a sCbst ate having a sensing electrode and a reference electrode on a surface thereof, the electrode 
S cove?eTby a solfd electrolytic medium, and measuring the effect of the species on the sensing 
?e trode The irSjrovement comprises a plurality of conductive microparticles 52 ^'^P^^^^^'^ '"^^^^^^^'^^^'^^^ 
med um The mefhod may further include providing a counter electrode as the ^^^^^''.f^^^^.'^j/^ 
utniJina 'the counter electrode along with the sensing electrode 18, and the reference electrode 32, when 
meaTurin^the eSec^the v^ electrodes 13.30 and 32 are preferably constructed and positioned as set 



accordance with another embodiment of the present invention an improved microsensor structure is set 
forth as SnTn pCes 6 and 7. The microsensor structure 110 comprises a substrate 112 having a sensing 

nrdioitJd f inoers 26 128 hSL gaps 1 1 5 generally no more than about 50 microns and, preferably no more 
hln JSuf 0 microns sS mT^^^^^^ more than about 5 microns and still more preferably no more 

marabout 2 Tcrons w h s^^^^ (^ess than 1 micron) gaps being most preferred. The reference 

tnratPH rentrallv between the two counter electordes 116a,116D. ^om'^m 
218 318 so h^the time of migration of an ionic moiety, for example hydrogen ion. from one to the other of the 
above the electrolvtic medium 226 whereby diffusion time therethrough is zero. In Figure 9 me eieciroy 

mir r^ns^r s ructure^ In addition, the electrodes 218 and 318 are placed close enough together so 

Th^t the time migrSfon is very small whereby the overall time of response of the microsensor structure 

'^?hl^ tiroTdirlon through the electrolytic medium is, accordance with c^^^^^^^^^^^^^ 
present invention, reduced to zero. This occurs, for exarnple in the ^f^'^'^ZT^^^SSllTs^^^ 
ft Ba^icallv these Ficures show the situation wherein the electrolytic medium 26,226,326, the ^irst eiecirooe 
?8 218 3^8 a^d the qas Sase f^ a 3-phase sensing boundary. Since there is no diffusion at all through he 
fe rofyJic^'u^'me^mrof such diffusion is, by definition, zero. ^h an i« 
the first and second electrodes as close together as possible since the only thing then limiting tne response 
Tr^e S the rr^crosensl^^^^^^^^^^ is the time of diffusion of the slowest moving moiety, from one electrode to 
hTo meUtl'uld be no?ed that reducing the separation of the e.ectrodes^ajone -duc,^^^^^^^^ o 

ru:;r;trgfs:-^^^^^^^^^^^^^^^^ 

65 of migration of an ionic moiety from one electrode to the other. 
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in accordance with another embodiment of the present invention, as illustrated m Figures 2 and 10 the 
miaosensoMncludes means (or maintaining the solid electrolyte (which requires the presence of water ,o be 
fmcSSrin a damp condition. The means as illustrated in Figure 10 comprises providing an overlayer or 
barS 442 wh^h c^Se s a, least the active area 416 of the microsensor structure 410, the barrier 442 having 
So es 444 therethrough which communicate with the solid electrolytic medium 426 and further having one o 
more reservoirs 456 on the opposite side of the barrier 442 from the solid electrolytic medium 426. In this 
: ne waTfror^ the rfser^^^^^ can pass through the holes 444 and into the -li^ -'ectrolytic med 4 6 
merebv keeping the humidity level of the solid electrolytic medium 426 at an acceptable level to extended 
oer ods oi7^e Note that the same barrier 442 can be over the remainder of the active area 416 inereby 
KeS to S down evaporation from the remainder of the solid electrolytic medium 426, Appropriate pores 
444 can be provided in the barner 442, as discussed previously with respect to the barrier 42 through which 
Jhe analvte aTseous species can pass and contact the solid electrolytic medium 426 and/or the sensing 
elcrde 418 GenerJJ the barrier 442 would be in the nature of a membrane. The membrane can have pores 
whic^ are geneTair^^^^^^^ as to allow the entrance of a gaseous species but not allow the entrance 0 a liquid 
soSes w^^^^^^^^ microsensor 410 can be utilized to detect a dissolved gaseous species ,n a liquid by 
frSmeSnq the microsensor 410 beneath the surface of the liquid. Or, the analyte gas can dissolve m the barner 
I^ranTtherSbv oSs therethrough. Note that in this instance the microsensor 410 ,s still analyzing for a 
gaseous sp7c?e?siSe rdiscussed elsewhere, only the gaseous species reaches the solid electrolytic 

'^roThe"yk^Sth^e rSecVolyte hydrated is to provide a water absorption overlayer over the 
.nM .i/ctroMe film The an^^^^ gas, for example CO and/or CO2, can pass through the overlayer. The 
i/lr mibe example a hydroscopic polymer such as cellulose acetate butyrate. Or, a hydroscopic 
::rforramp!L ilthium lithium'brLide. may be incorporated in the solid polymer electrolyte 

Soeciallv selected solid polymer electrolyte films may be used which are themselves hydroscopic or which 
have a SuTarfy high density of sulfonate groups. An example is poly(sodium 4-styrenesulfona^ . 
rCHoCHlSSNa) In This polymer is very hydrophilic whereby signals from the sensor are made riumidi y 

rS?k ofDu^on^^^^^^ so as to assure that it is not too hydrophilic or too fragile to stick to a substrate 
Lch^chnCerrra^e'SIsc^^^^ above serves to make a solid polymer electrolyte film highly proton 
conductive or sodium conductive^^- ^ p,^,,,,,, 

el ctrode Th m^^Tthe sSpolymer electro, te may be first deposited on the platinum electrode foiiowe 
hv A^ftnization orocess so that ultra-fine platinum particles are dispersed three-dimensionally througnout 
fhl sE id ndvmer electrolyte layer. The platinization process is conducted prior to the pretreatment of the solid 
no vm electS^ the acidification and preoxidation thereof. For example, for a 50 micron gap 

Sqlass s^K the platinization is carried out using a galvanostatic pulse tVP'caHy consisn g 

of the solid polymer electrolyte film is approximately 1 micron, about 3 10 4 hours (a loiai o 

™dium 28 can bfa" . a based solulion Altsrnalively. lh= .l=c.rol,.ic medium 28 car, be a 



Resins can also be used as reference solutions (see. for example, French patent publication No 2 158 9051 
These ion exchL^^^^^^^^ have been used as the electrolytic medium for a po.entiometnc CO. sensor ,see, 

'°ure?u7^e,s''for int^porlt'o^ the sensor structure include, without limitation me.nylcellulose^ 

poS alcohol agar carboxycellulose, gelatin, agarose, deionized gelatin, polyacrylamide. polyvinyl 
S Sle pol hyToxyetnylaci^late, poly-2-hydroxye.hy, methacry.ate. and polyacrylic acid. They are 
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Characterized .n that Ihey constitute thickened (more viscous) solutions. They are hydrophilic in natural and 
include synthetic Dolvmeric film forming materials. 

ThrJec rolvtic medium can alternatively be selected from a family of inorganic ox.de solid proton 
conductors! ^.rh'drogen uranyl phosphate, protonated p-alumina, zirconium phosphates or antimonic 

^""Seans (e q the barrier 42) is usually provided for encapsulating the electrolytic medium 28 and the sensing 
eleSe 18 in the er^bodiments illustrated the barrier 42 can be any convenient polymer 1 ,s general^ 
D referred that the encapsulation material be such as to be impermeable to water vapor so that the water 

S Of S Sid eSolyte remains relatively constant whereby the P-Pe^ties of the gas sensor rema, 
relatively constant with time. The barrier 42 may be. for example. ,n the nature of a 

nrovides entrv into the microsensor 10 of a selected moiety m response to contact of a selected spec es wim 
Ss oSfacfna suriacr-^ Eith^^ the selected species will pass through the barrier 42 and will then const.tute the 
Elected moiety or cSta^^^^^^ the selected species with the barrier 42 will lead to the introduction of a different 
mtt nro S^'r^^^^^^^^^^^^ 10- The barrier 42 is generally at least substantially '-P^^f .^^ V^'^^'"'^'" 
mPdi,,m ?B to nrevent escape and/or mixing with any analyte solution exterior of the barrier 42. 

Thrbarher 4^maTincaps^^^ the entire microsensor 10. Alternatively, the barrier 42 may only cover the 
sensfna area 16 ^part or all of the substrate surface 14. It may be desirable to encapsulate the remainder o 
he rcrosensoMO all of the microsensor 10 including the barrier 42, as a protection against 

ontTratfon Generally, an inert encapsulating layer (not shown) se^e the purpos^ 
layer when present, must provide access (via. for example, pores or holes therethrough) to the barrier 42. 

'T:J:rT^ZS: Z'^^^^^^ barrier 42. For example, the barrier 42 can comprise a ,as 

peleaSeTquidCrmeable membrane. This is useful in the situation wherein the sensor ,s used in a liquid 
to detect dissolved qases. for example, if the microsensor 10 is utilized in blood. 
Other tvDesTmaSals for utilizing as the barrier 42 are teflon membranes, silicone rubber memt^ranes, 

''?h^bSrrS2 can be constructed by. for example solution casting, separate casting on a difterent substrate 

Dla^^r^ black ler S indium, palladium, palladium/silver, iridum dioxide, platinum b ack/palad.um^ 
o a num oSe and mixtures thereof, electronically conductive polymers, and generally any of the electrodes 
omTy ;?edteS^^^^^^^ measurements. A sensing electrode IB,-^; g-^J,^- t^uJr 
responsive to a particular gaseous species. Various conventional materials '^^^'j;'^^'^^ "J^/J°^ 
Sode 30 and as the reference electrode 32. Table 1 sets forth, as examples only, a short list of gases, and 

^'Sracira?2rtht:;~^ -h . . ..... of determining the 

coi TnUaS ?a partS^r gaseous species which comprises contacting the species w,t a s^^^^^^^^^^^^ 
<;ubstrate havina a sensing electrode and a reference electrode on a surface thereof the electrooe oe ng 
SeTd b a s'olid ele^tro'lytic medium, and measuring t^^e electrochemical e«ect oje s^^^^^^^^^^^^^ 

.-o <;pnsina electrode The improvement comprises utilizing as the sensing electrode a first elect oae io 
desc2?fn Iny of ,he embodiments above. The method may further include providing a counter electrode as 
he second Srode 30, all as set forth above^and utilizing the --ter e.ec^^^^^^^^^ sen ng 

electrode 18 and the reference electrode 32 when measunng the elect ochemH^al effect, 
electrodes 18 30 and 32 are preferably constructed and positioned as set forth above. 

55 The Sosensors 10,1 10,2lb,310 and 410 in accordance with the invention can be constructed. 
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generally, following the techniques ot the IC industry. For example, the metals can be deposited by sputtering 



10 



10 



15 



20 



25 



or evaporation, electron-beam or ohmic evaporation onto a resist masked substrate 12 ob by a ,^t-off 
technique. These techniques are particularly useful for providing closely placed sensing electrodes i8 and 
counter electrodes 30, such as the fingers 126,128 as shown in Figures 7 and 8 with very small gaps 1 Id. Solid 
polymer electrolytes, when used, can be provided by using lift off technology or Ink-jet printer like technology, 
Hydrogels. when used, can be provided as are solid polymer electrolytes. The thickness of the electrolytic 

medium 28 is controlled by . , . u c„. 

Sensing electrodes 18 with outwardly extending portions 26 can be formed by any of several techniques For 
example the electrode 18 can be fabricated as discussed above followed by a platinization, gold deposition, 
etc process, as appropriate, generally similarly to the technique described elsewhere herein lor dispersing 
ultra-fine platinum particles three-dimensionally through a solid polymer electrolyte. The solid polyme 
electrolyte (or other electrolytic medium 28) is only deposited after the platinization, etc., is earned out if 
outwardly extending portion 26 are desired on a sensing electrode 18. ^ ■ . . 

While the substrate surface 14 is illustrated as being planar it should be recognized that the invention is not 
limited to such a structure. Thus, the first electrode 18 usually generally conforms with the substrate surtace 
14 whatever its shape, planar, spherical, or the like. ^ ^ . • 

The electrochemical analysis which can be made in accordance with the methods of and/or us.ng the 
sensors of the present invention includes voltammetric. potentiometric, coloumbic, conductometric and AC 

^"Sordance with the present invention the microsensors of the invention can be used for differential pulse 
vo tamS (DPJ^^^ 1" such a technique potential is scanned and the resultant current response is 

dSn^S thei^eby generating more information from a single sensor. The use of the DPy techn.que to 
Se equlreVselectrvity is a dLct application of the characteristic thermodynamic potentials of he gases 
SrranaE Note that certain gases of interest, for example CO, Hz, CsHsOH, NO, and NOz, have 
Chirac e^^i thermod namic potentials of. respectively. -103. 0. 87. 957 and 1093 mV vs NHE. In practice, 
howevTeach Veactio^^^^ an additional potential called overpotentlal, the amount of which depends on 
Piprtrocatalvst in order to proceed at a measurable rate. 

This ?e?hn que is useful if the gas to be sensed exists in a mixture containing several reactive componen s 
thit exhiS' dose thermodynamrc potential (e.g., CO, Ha and C2H5OH). If one considers a s,r.ple examp e 
wherein a mWure of gas A and gas B exists, gas A and gas B will exhibit current vs potential curves with 
^iSntlimiSg currents U andl. By differentiating the ^--nt versus po.en.a, curves one ob - - 
sharp clearly separated peaks with characteristic potentials, Ea and Bb. The peak curren values are 
Srtiona to me gas concentrations. Thus the DPV technique can provide the potential-con uol led 
sSi?y or a microsensor through precise measurements of the peak values. These are cioseiy related .0 
fhe me modynamic potentials of the gases and are characteristics of each gaseous species. 

!n adS tS^nature of this technique allows the microelectrcchemical sensor to rezero the background 
seleral times each second, thereby limiting any background drift. Also, this technique improves the sensi iv ty 
Kcause me DPV current readout eliminates most of the capacitive charging current and provides an 
esoectallv aood signal to noise ratio. 

fhe!nIention wHI be better understood by reference to the following experimental sections. 

Instrumentation and Experimental Procedure 

The exnerimental setup included a microprocessor-controlled gas-handling system (Tylan Co.). Premixed 
aas mi ure ip^ in air, 100 ppm NO, in air, 100 ppm NO in N3. 1000 ppm ethanol ,n N, (primary 
stan^Se manufactured by Union Carbide Company Linde Division. South San Francisco. California, and 
StrSed by I^mac Cryogenc. Inc.). were used to evaluate the microelectronic gas sensors, and 
h d Son- ree aTLs as a blank (background) gas. The sample gas (200 ppm CO) and the blank gas 
S or Nzl were in'mduced to a stainless-steel gas-sensor chamber a. a nominal flow rate o* 150 cm^/rnin 
us nS flowmeters The sensor potential is controlled by a PAR l^odel 173 potentiostat equipped with a PAR 
MOden75 Un^^^^^^^^^ For low current (less than 1 uA) measurements, an ,n-v,vo voltammograph 

reSIaly'cal ^^^^^^^^^^ Inc. t^odel CV 37) is used. A (Hewlett-Packard Model 7644A) X-Y-t recorder records 

'''JuLiLVgTs samples we're prepared as needed by passing dry gas samples through a humidifier prior .0 
enSg he garchamSer. The humiSifier comprises three Gore-Tex (Type A, 3 mm ID^pore size 2 um. poros y 
S pSnt) porous Teflon tubes wim three different lengths, approximately 1. 2 and 3 cm which a e 
eaunbrated with water vapor pressure at room temperature, and provide approximate humidity values of 10 to 
15I0 0 25 r'd 35 to 40 percent relative humidity (RH). respectively. The relative humidity of the gas mixture 
was determined by placing a humidity sensor (General Eastern Instruments Corp. Model BOOB humidity and 
temperature indicator) in the gas line right after the gas chamber. 

Example 

The responses to CO and various other gases were studied using a planar type microelectrode The basic 
sensor des°an is shown in Figure 1 1 , The masks are designed to produce gaps that range m size trom = to 50 
microns between a^^^^^^^ microelectrodes. A smooth Al^Oa ceramic (Kyocera type A 493) was used as the .5 
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substrate Platinum was used as electrode material for all electrodes. A chrom.unn adhesion layer of 
approximately 5 nm was deposited first, followed by approximately 200 to 280 nm of P'^^^^"- ^P^^fJlrJ 
vacuum of 2 x lO'S torr in a mrc rf sputtering system with the substrate being water cooled. The metallized 
substrate was then coated with about 3 nm of EM Industries' negative poly.mide P^ot°res,s and 
photolithographically patterned. The polyimide was prebaked at 65»C for 15 minutes <^,^;^^^^^*J^^° 
ior 60 minutes. The unwanted portions of the platinum film was etched away by Ar* sputtering-etching 
techniques. The remaining photoresist was then removed by an oxygen plasma ^^.^^^'^f P:°f ss. A rnicron 
thick Nation film, which was used as the electrolyte, prepared by solution-casting 17.5 |ii of diluted (1^ 
ethanol) stock solution (stock Nation solution. 50/o by weight. Solution Technology, '"^j °/ ^ mmj^^7 mm 
window (made by 3M type 470 tape). The film was dried at room temperature fro about 2 hours. The Nation film 
was then acidified in a beaker containing 200/o H2SO4 at approximately 60=C for about 3 hours- . 

Figure 12 indicates steady-state signals (is) as function of CO concentration at an applied PO em.al °f "S^^^ 
mv The sensor was tested in the CO concentration range of 100 to 500 ppm on a planar type platinum sensor 
with a 10 micron gap between adjacent electrodes. A reasonable linearity is seen. Figures 13 14 and lb 
,5 Istrate the net response (i.). background current (i.) , and total signal (is + and the values of the s.gna to 
background current ratio (is/ib). as a function of the applied potential (sensing electrode potential vs the 
buWa'num reference electrode) at 450/o RH (relative humidity), respectively. The n^t;esponse .s ddined 
as the dfference in the measured currents when the sensor is exposed to air (background cui^ren ) and to 500 
ppm CO. Figure 16 shows the current responses to CO as a function of time at an applied potential of -0.05 V 
on (thp reqnonse time to 500 ppm CO in air is about 1 minute). 

' The sensor re^^^^^ ,0 other gases such as ethanol (800 ppm.in air). Ha (800 ppm in air). NO (80 ppm in 
air) and NO2 (100 Ppm in air) were also studied. Tables 2. 3. 4 and 5 show the current response to 500 ppm 
CO, 800 ppm' thanof 80 ppm' NO, and 100 ppm NOa, respectively, as a function of the ^^'^d potentiaUn me 
ranae of 0 1 to +0 2 volts, -0.05 V is the most ideal potential for CO sensing because the CO response was 
25 Try sTable and the response time very fast. The response to ethanol vapor was uns^ble and 
non-reproducible The sensor response to H2 in the same potential range was also measured, and ur^stable 
current'respon e occurred throughout the range. For a practical CO =°^,^^-'°P'^^"Vo^'nro Jiaro 
clear that the the pre-selected applied potential the CO sensor exhibited good response to CO and to a large 
extent can exclude interfering gases. 
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Table 2 



35 Applied 

Potential 



-0.1 
-0.05 

0.0 
-rO. 03 
+ 0.05 
+ 0. 1 
-(■0.2 



i (b) 


i (s) 


i(s)/{b) 


Rt (s) 


nA 


nA 






-17.9 


5.8 


0.34 


60 


- 0.8 


4.3 


5.4 


58 


- 0.9 


3.5 


3.9 


60 


1.0 


4.5 


4.5 


60 


.97 


2.5 


2.6 


90 


3.3 


2.2 


0.67 


60 


12.5 


3.2 


0.26 


40 



Current Response to 500 ppm CO as a function of 
50 Applied Potential 



RH = 45% 
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Table 3 



Applied i(s) i(3)/(b) Rt(s) 

Potential 

_0 1 -19.8 133 7.0 60 

-0*05 195 7.2 40 

0 0 - 0.3 75 250 63 

+0*03 0.9 100 111 120 

+o'o5 1.0 180 106 168 

+ o'.l 4 . 0 232 . 5 58 . 1 180 
+ 0.2 



13.0 212.5 16.3 80 



Current Response to 800 ppm EtOH as a function of 
Applied Potential 

RH = 45% 



Table 4 



Applied 
Potential 

-0.1 
-0.05 

0.0 
+0.03 
+ 0.05 
+0.1 
+ 0 . 2 



i (b) 


i (s) 


i{s)/ (b) 


Rt (s) 


nA 


nA 






•21.0 


-18.0 


0.3 6 


13 0 


0.7 


-3.7 


5.3 


130 


3.9 


7.4 


1.9 


220 


5 . 5 


17.6 


3.2 


320 


7.4 


30.0 


4.1 


300 


4.9 


100 . 0 


20.0 


60 



Current Response to 80 ppm NO as a function of 
Applied Potential 

RH = 45% 
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Table 5 



Applied 
Potential 



i(b) 


i (s) 


i(s) / (b) 


Rt (s) 


nA 


nA 






-2.1 


" 

-7 . 7 


0 "7 




-1.0 


9.5 


5.5 


60 


5.2 


26.0 


5.0 


220 


8.0 


56.0 


7.0 


145 


29.0 


136.0 


4.7 


230 



-0.1 
-0.05 

0.0 
+ 0.03 
+0.05 
+0.1 
+0.2 



Current Response to 100 ppm ViO^ as a function of 
Applied Potential 



RH = 45% 



Industrial Applicability 

The present invention provides a novel electrode structure 18, a novel microsensor 10, and an improved 
method of dete mining the concentration of gaseous species. All of the above is useful in analyzing or any one 
Sous speclTamong other gaseous species, or, in accordance with certain embodiments. w,th gaseous 
sScies wh'iS are dTssoived in a fluid, for example a body fluid such as blood. Extremely fast response time is 
provided a fng witrextremely high sensitivity. Uses include the following; portable environmental gas 
Sefs SctTon of hazardous gases, fire alarms, gas leak detectors, monitoring and controlling chem.ca 
proSses a ar^ badges for safety inspectors, monitoring and regulating exhaust gases from engmes^o l 
furnaces or Sustrial burners, control of indoor air quality, and gas chromatography detector, among others. 
And construction is relatively inexpensive utilizing standard IC techniques. 

WhL the indention has been described in connection with specific embodiments thereof. ,t will be 
under ood that it capable of further modification, and this application is intended to cover any variations^ 

es or adaptations of the invention following, in general, the principles of the '^"J'-,-^ '^^^^h t 
departures from the present disclosure as come within known or customary practice .n the art to which he 
Son pertains anS as may be applied to the essential features hereinbefore set forth, and as fall within the 
scope of the invention and the limits of the appended claims. 



Claims 



1. A voltammetric microsensor structure, comprising: 
a substrate having an active area on a surface thereof; 

a sensing electrode having a portion thereof on said active area; 
a counter electrode having a portion thereof on said active area; . 

a reference electrode having a portion thereof on said active area; ■ ^pcsnpriivelv • 

said sensing electrode, said counter electrode and said reference electrode defining respectively 
therebetween a sensing-counter gap, a sensing-reference gap and a counter-reference gap; and 
a solid polymer electrolyte bridging said gaps. „i,i„„. 

2. A method of voltammetrically determining the concentration of a gaseous f ^c'^^' ""^P^'^'^S'^ . 
contacting a microsensor structure with the gaseous species in a gas phase and a"^™;;<=^;y 
measuhna the electrochemical effect of the species between sensing and 

microsensor structure comprising a substrate having a sensing electrode a ^^^^^^J f^"^/"^^ 
reference electrode, the electrodes defining respective sensing-counter, ^^ns ng-reference and 
counter-reference gaps between portions thereof mounted on an active area on the surface of the 
substrate, the gaps being bridged by a solid polymer electrolyte. .,o^„nrt 
3 In a microsensor structure comprising a substrate surface having an active area first and second 
adjacent electrodes having, respectively, sensing and counter portions on the active area; ana an 



14 



w 



20 



25 



electrolytic medium covering the active area, the improvement comprising; 

positioning the first and second electrodes sufficiently close together on said active area so that the time 
of migration of an Ionic moiety from one to the other of the electrodes is no more than about 1 minute ; anc 
restricting the thickness of the electrolytic medium to be no more than about 10 microns so that the time 
of diffusion of the gaseous species through the electrolytic medium to the first electrode is no more than 
about equal to the time of migration of the ionic moiety from one to the other of the electrodes. 
4 In a method of determining the concentration of a gaseous species, comprising contacting a 
microsensor structure with the gaseous species in a gas phase and measuring the electrochemical effect 
between first and second electrode, the improvement wherein the microsensor structure comprises : 
a substrate surface having an active area, the first and second adjacent electrodes having, respectively, 
sensing and counter portions on the active area ; 

a solid electrolytic medium covering the active area, the first and second electrodes being positioned 
sufficiently close together so that the time of migration of an ionic moiety from one to the other of the 
electrodes is no more than about 1 minute ; and 

the thickness of electrolytic medium being restricted to be no more than about 10 microns so that the )5 
time of diffusion of the gaseous species through the electrolytic medium is no more than about equal to 
the time of migration of the ionic moiety from one to the other of the electrodes. 

5, A microsensor structure, comprising : 
a substrate having a surface having an active area; 

a sensing electrode having a sensing portion on said active area, said sensing portion comprising a 
plurality of sensing fingers; . , 

a counter electrode having a counter portion on said active area, said counter portion comprising a 
plurality of counter fingers, said counter fingers being positioned between and aligned generally along 
said sensing fingers to define sensing finger-counter finger gaps of no more than about 50 microns : 
a reference electrode having a reference portion on said active area: 

an electrolytic medium on said active area bridging said sensing finger-counter finger gaps and 
communicating said reference portion with said sensing portion. 

6. A microsensor structure, comprising: 
a substrate having a substrate surface having an active area; 

a sensing electrode on the substrate surface having a sensing portion upon the active area, the sensing 
Dortion having an outfacing surface facing away from the substrate ; 

a solid electrolytic medium covering the active area but not covering the outfacing surface, the electrolytic 
medium the first electrode and the gas phase forming a 3-phase sensing boundary ; 
a counter electrode in contact with the electrolytic medium and free from contact with the sensing 

a SeTe^ce^ellctrode in contact with the electrolytic medium and free from contact with the sensing and 

^°rin a^m^etho^^^^^^ the concentration of a gaseous species compnsmg contacting a sensor 

structure with the gaseous species in a gas phase and measuring the electrochemical effect between first 
and second electrodes, the improvement wherein the sensor structure is a microsensor structure 

TsuEt surface having an active area, the first and second electrodes having, respectively, sensing 
and counter portions on the active area; and 

a solid electrolyte medium covering the active area, portions of the sensing portion extending outwardly 
beyond the electrolytic medium, the electrolytic medium, the first electrode and the gas phase tormmg a 
3-phase sensing boundary, the counter portion of the second electrode being m contact with the 
electrolytic medium, the second electrode being free from contact with the first electrode. 

8 In a method of determining the concentration of a gaseous species which compnses contacting a 
sensor structure on a substrate with the gaseous species m a gas phase and measuring the 
electrochemical effect of the species between a sensing electrode and a counter electrode, the 
improvement wherein the sensor structure is a microsensor structure which comprises; 
a substrate having a substrate surface having an active area, the sensing and counter electrodes having, 
respectively, sensing and counter portions on saia active area, the sensing portion having an outfacing 
surface facing away from the substrate; ^ .u . ^4.^1.,*;^^ c^: 

a solid electrolytic medium covering the active area but not covering the outfacing surface, the electrolytic 55 
medium the sensing electrode and the gas phase forming a 3-phase sensing boundary; 
the counter electrode being in contact with the electrolytic medium and free from contact with the 

TrSnlrSod^^ contact with the electrolytic medium and free from contact with the sensing and 
counter electrodes. 

9. An electrode structure, comprising: 
a first electrode having a sensing portion having an outfacing surface having uneven configuration 
including a plurality of outwardly extending portions; and , w 

an electrolytic medium covering said outfacing surface with said outwardly extending portions extending 
outwardly beyond said electrolytic medium and not being covered thereby. 
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10. A microsensor structure, comprising; 
a substrate havinq a substrate surface having an active area; 

a ?iS Srode on v^ith said substrate surface, said first electrode having a sensing portion on said active 
arl l!d sensing portion having an Infacing surface facing said substrate surface and an outfacing 
rurfaceTactg away frorn said substrate surface, said outfacing surface having an uneven configuration 

rrfrr^^^^^ With said outwardiv extending portions extending 

St^deln^tdlreSr;^ ,,,3,3 
11 Tn rmethoS o? determining the concentration of a particular gaseous species which comprises 
clntactina the species with a sensor having a substrate having a sensing electrode and a counter 
electrode'o a surface thereof, the electrode? being covered by an electrolytic medium, and measunng 
fe e ectrochemlcal effect of said species on said sensing electrode, the improvement comprising. 
utLino as saS sensing electrode a first electrode having an outfacing surface having an uneven 
cSra^orincS a plurality of outwardly extending portions which extend outwardly beyond said 
electrolytic medium and are not covered thereby. 
12. A microsensor structure, comprising: 
a substrate havinq a substrate surface having an active area; „ 
a?St electror?n with said substrate surface, said first electrode having a sensing portion on 

salfacte area, said sensing portion having infacing surface facing said substrate surface and an 

^i:ct?o;;^ir:erm"^^^^^^^^^^ s^d soUd e,ectrolytlc medium having a 

"irror;^^^^^^^^^^^^^ -d free from contact with said first 

"iTln'a method of determining the concentration of a particular gaseous ^P^^f )^^i=VTn,?n.?r 
rnnta^tino The soecies with a sensor havilg a substrate having a sensing electrode and a counter 
eSoSn a su^ce therLf , the electrode being covered by a solid electrolytic medium, and measuring 
the effect of said species on the sensing electrode, the Improvement comprising : 
Including a pLrallty of conductive microparlicles dispersed In said solid electrolytic medium. 
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0 The present invention is concerned with elec- 
trode structures and microsensors having fast re- 
sponse times and high sensitivity and to methods 
using such structures and/or microsensois. This is 
accomplished in any one of several ways. In one, 
the sensing and counter electrodes are positioned 
close enough together on an active area so that ion 
migration therebetween is fast. The thickness of the 
electrolytic medium on the active area is restricted 
to be no more than about 10 microns so that diffu- 
sion therethrough between the electrodes is at least 
as fast as the ion migration. In another, the sensing 
electrode may have outwardly extending portions 
extending beyond the electrolytic medium and not 
being covered thereby. Or, conductive particles can 
be distributed in the electrolytic medium. Or the 
medium can be very thin. Or. the electrodes can be 
interdigited. Combinations of the above structural 
features are also set forth. 
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